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ABSTRACT
The Effects of Static Stretching on Vertical Jump Performance
By Tom Evans
The vertical jump can play a significant role for many athletes in various
competitive sports. The purpose of this study was to determine the effect that passive
static stretching has on various athletes from various sports. The athletes were asked to
perform a certain amount of jumps with no stretching routine and a set of jumps with a
stretching routine. The results calculated for this study did show to have a statistically
significant difference between jumping with stretching and jumping without stretching.
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Chapter 1

Introduction
Is stretching beneficial to athletes when performing explosive type activities?
This question has become a hot debate topic among exercise professionals over the past
few years (Kurz, 2000). The vertical jump is an explosive activity a number of athletes
are required to perform in many different sports. Some professionals believe that
stretching does not help increase vertical jump performance, while others believe
stretching has no bearing on vertical jump performance and is just a result of proper form
during execution of the jump (Knudson, Bennet, Corn, Leick, and Smith, 2000, Bosco et
al., 1982). There are many factors that play a role in vertical jump performance. In this
study, the effects of static stretching on vertical jump performance in college-aged
athletes will be examined.
Statement of the Problem
Athletes are always striving to gain any edge they can against their competition.
In sports such as basketball, soccer, and volleyball, an increased vertical jump can
possibly give those athletes that extra advantage they are always trying to achieve. It is
not clear from prior research what the effects of stretching have on an athletes vertical
jump performance (Knudson et. al., 2000). The objective of this research is to examine if
there is a difference in vertical jump performance of athletes who are put through a static
stretching regimen and athletes who do not perform any stretching exercises.
Null Hypothesis
1.) Static stretching does not have an effect on standing, double-leg vertical jump
performance.
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2.) Static stretching does not have an effect on sitting vertical jump performance.
Operational definitions
Passive static stretching- Static stretching is defined in this study as a passive
movement of the muscle orchestrated by the tester to the maximal length that is
comfortable to the athlete and held for a period of 30 seconds (Kurz, 2000).
Vertical Jump Performance- The maximal height an athlete can achieve, in
inches, on a double-leg takeoff vertical jump. The jump is measured by a Vertec, which
is designed specifically to measure vertical jump height (Knudson, Bennett, Corn, Leick,
and Smith, 2000).
Counter-movement- Muscles are eccentrically stretched, and then rapidly
shortened to accelerate the body in the opposite direction and achieve the reverse
desirable action (Kraemer and Newton, 1994).
College aged athletes- Male and female NCAA-1A eligible athletes, ages 18-24.
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Chapter 2
Literature Review
Vertical jump plays a key factor in many sports. There have been numerous ways
developed over the years to help athletes improve, the height of their vertical jump, which
correlates with the speed at which they achieve the jump. There are many factors that are
involved in an athlete’s vertical jump and many factors that are involved in improving an
athlete’s vertical jump (Kraemer and Newton, 1994). An example of training to increase
vertical jump performance is the use of plyometrics. Plyometrics are exercises that are
used to help enhance an individual's jump height (Gheri et. al, 1998, Miller, 1986). One
question that has been raised is whether static stretching before a vertical jump
performance is beneficial for the athlete (Kurz, 2000).
The height that is achieved on the vertical jump has a direct correlation with the
amount of force that is produced by the muscle fibers. The greater force production of
the muscle fibers that are involved in the vertical jump relate to a greater maximum
height achieved during jump performance (Kurz, 2000). This force is created by a
phenomenon known as the stretch-shortening cycle of muscle fibers. The stretchshortening cycle is a natural reaction by muscle fibers to slow the body from fast
movements and prevent injury to the individual involved (Kraemer and Newton, 1994).
The stretch-shortening cycle involves a counter-movement when a muscle fiber is
rapidly stretched creating tension within the muscle. A counter-movement is when the
muscles to which the rapid movement is being applied to stop that movement and
contract to move the individual in the opposite direction. To accomplish this, the muscles
act eccentrically to slow the body and initiate the reverse desirable movement (Kraemer
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and Newton, 1994). This cycle is critical to vertical jump performance. As the
individual flexes the knees to jump, the stretch shortening cycle is activated and the
athlete explodes into the jump. As the individual increases the degrees of flexion at the
knee joint on the way down, there is an increase of stiffness within the muscle. The
muscle is applying a natural resistance to the rapid stretch. The result of this cycle is an
increase in force production and an increase in the storage of elastic energy within the
muscle or muscle group. This cycle also increases neural stimulation to the muscle fibers
(Kraemer and Newton, 1994).
Aura and Komi (1986) observed this elasticity and neural stimulation in leg
extensors. The research included 25 healthy males. The subjects were put through a
number of stretch-shortening cycle exercises. The pre-stretch activity varied throughout
the study. EMG also measured nervous system activity throughout each activity
performed. Research supports the suggestion that pure muscle elasticity plays a large
role in potentiating performance in stretch-shortening cycle exercises (Aura and Komi,
1986). The EMG readings of the leg extensor muscles suggested the nervous system
plays an essential role in regulating muscle stiffness and thus the utilization of muscle
elasticity in stretch-shortening cycle activities (Aura and Komi, 1986).
There have been countless hours devoted to researching this stretch-shortening
cycle phenomenon. Komi (2000) observed normal and fatigued muscle function during
stretch shortening cycle activity in leg extensors. This study used EMG readings to
monitor the activity within the muscle fibers. It was found that the force produced by the
muscle varied with the fatigue of the muscle. It wasn’t fully determined whether
moderate fatigue had any bearing on the amount of force produced by the leg extensors,
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but it was concluded that exhaustive stretch-shortening activity dramatically reduced the
force output of the muscles. The study concluded that a decrease in the stretch reflex of
the muscle and a decrease in the stiffness of the muscle caused a dramatic decrease in the
force potentiation mechanisms (Komi, 2000). The decrease in force potentiation was
determined by low EMG activity within the muscle.
Young, Wilson, and Byrne (1999) published a similar study to that of Komi. This
research involved 29 males with experience in jumping activities. There were a number
of jumping activities performed by these subjects, but the only jump that is a concern
here is the standing vertical jump, also referred to as the double-leg takeoff (Young, et.
al., 1999). This study examined the load and speed placed on the stretch-shortening cycle
during the standing vertical jump. The findings showed that the greater stretch-load
placed on the leg extensors during the jump produced a greater jump. This finding
suggests that the faster the vertical jump is performed, which would produce a greater
load on the stretch-shortening cycle, has a bearing on the height achieved by the
individual (Young, et. al., 1999).
The force produced by the muscle during vertical jump performance plays an
essential role in the results (Kraemer and Newton, 1994). This may seem like common
sense, but research has shown that producing greater force during the jump is not as easy
as it sounds. Some think that the force produced during muscle contractions is more a
product of the load being placed on the muscle (Newton, Murphy, Humphries, Wilson,
Kraemer, and Hakkinen, 1997). Newton et. al. (1997) has shown that there may be an
even more important factor to producing more forceful contractions. The research that
they conducted came to the conclusion that force output did increase as a function of
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load, but lighter loads also produced more force because of the speed that the muscle was
contracting (Newton et. al., 1997). The research also concluded that explosive
movements, such as vertical jump, might be limited by the ability of the muscle to
produce force during fast contraction velocities (Newton et. al., 1997).
Another aspect involved with the speed of contractions is the concept of coupling
time. Coupling time is the time between stretch and shortening during the stretchshortening cycle. Research conducted by Bosco and Rusco (1983) stated that if the time
between stretch and shortening during the stretch-shortening cycle is too long, elastic
energy could be wasted. This can be detrimental to actions that require explosive type
contractions, such as the vertical jump. The three types of muscle fibers in the body are
Type I (slow twitch), Type IIA and Type IIB (both considered fast twitch). Type IIA and
Type IIB are the muscle types more highly recruited for explosive type movements. This
research suggested that coupling time limited recoil for elastic energy in fast-twitch fibers
(Bosco and Rusko, 1983). This information introduces another concept that is important
with muscle contractions and stretch-shortening cycle activities. This concept is the
sliding filament and cross-bridge theory in muscle fibers (Rassier, MacIntosh, and
Herzog, 1999).
The sliding filament and cross-bridge theory is the most accepted theory
determining what makes a muscle fiber contract or lengthen. The cross-cross bridges
bring the filaments of the muscle fiber closer together, therefore, producing a contraction.
This produces an overlapping of the filaments. Rassier states that when maximal
filament overlap is produced, maximal force is also produced within that muscle fiber
(Rassier et. al., 1999). The opposite is true when the cross-bridges release from the
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filaments. The force that was produced by maximal overlap is proportionately decreased
when that overlap diminishes (Rassier et. al., 1999). This theory supports the results of
the Bosko and Rusko (1983) study in fast-twitch fibers and coupling time. The crossbridge lifetime in fast-twitch fibers is very short. This makes fast-twitch more sensitive
to coupling time and the loss of elastic energy in stretch shortening cycle activities
(Bosco and Rusko, 1983). Research that is worth noting that supports the notion about
fast-twitch muscle fibers was accomplished by Almeida-Silveria, Pyerot, Pousson, and
Goubel (1994). The rat soleus muscle was put through a 12-week stretch shortening
cycle training program. The results mentioned a larger number of Type IIB muscle fibers
after the 12-week program. Type IIA muscle fibers have been shown to convert to Type
IIB muscle fibers with specific training (Almedia-Siveria et. al., 1994). The increase of
Type IIB muscles had a direct effect on the contraction time of the muscle and the
maximal velocity at which the muscle contracts. The contraction time showed a
decrease, while the maximal velocity achieved was greater. This smaller contraction time
and greater velocity correlates to a larger force output by the rat soleus muscle (AlmediaSilveria et. al., 1994).
Recent information has shown that Type IIb fibers can be converted to Type IIa
fibers with certain training (Staron, Karapondo, Kraemer, Fry, Gordon, Falkel,
Hagerman, and Hikida, 1994). The study showed that if Type IIb fibers are activated
enough, they convert to Type IIa fibers in a short period of time. The study was
composed of male and female subjects as they were put through an 8-week, heavyresistance training program. Type IIb fibers were shown to decrease after two weeks of
training in women and after 4 weeks of training in men (Staron et. al.. 1994). After the 8-
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week training program was completed, it was found that the total amount of Type IIb
fibers had decreased to a mean of 7 % of the total muscle fibers. It is not known whether
those changes contribute to strength, but it is thought that it might contribute to force
production of the muscle (Staron et. al., 1994).
Coupling time and stiffness was also observed during stretch-shortening cycle
jumping activities in the sartorius of a frog (Lensell-Corbeil and Goubel, 1990). The
sartorius in the frog is the major muscle used for jumping. The frogs were put through
various pre-stretches before the jumps were completed. The results indicated that an
increase in stiffness within the muscle and tendon juncture have a greater potential for
force production. The stiffness within the muscle creates a better transmission of force
throughout the muscle. It was concluded that the better transmission of force had an
effect on the coupling time of the stretch-shortening cycle contraction. The coupling time
was shown to be lower when the stiffness of the muscle increased (Lensell-Corbeil and
Goubel, 1990).
As previously stated, coupling time can have a large impact on the force
generated by stretch shortening cycle contractions. In a study by Ettema, Huijing, van
Ingen Schenau, and de Haan (1990), the force generated by stretch-shortening cycle
contractions were compared by controlling the coupling time of each contraction in the
rat soleus muscle. The coupling time varied between 20 and 200 milliseconds and each
rat performed an active pre-stretch. Active pre-stretch is accomplished during a standing
vertical jump when the subject squats down before the jump. The results of this study are
consistent with previous information on coupling time (Lensell-Corbeil and Goubel,1990
and Ettema et. al., 1990). The rats had a greater work output and more elastic energy was
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released with smaller coupling times. The smaller coupling times resulted in more
explosive forces created by the soleus muscle (Ettema et. al., 1990).
Rassier (1999) discusses that another concept that relates to the stretch-shortening
cycle is the force-length relationship within the muscle fibers. Muscle fibers that are
longer produce a greater force when maximal filament overlap is accomplished. Rassier
states that, “force-length relationship is a static property of skeletal muscle and does not
predict dynamic muscle contractions” (Rassier et. al., 1999). Force-length relationships
typically function in stretch-shortening cycle contractions on the ascending limb and the
muscles on the descending limb function in a shortening-stretch cycle. This can be
directly applied to the vertical jump. In a standing vertical jump, the hamstrings perform
a shortening-stretch cycle contraction, while the quadriceps (leg extensors) performs a
stretch-shortening cycle contraction. A shortening-stretch cycle contraction is primarily
an eccentric muscle action, while a stretch-shortening cycle contraction is primarily a
concentric muscle action (Rassier et. al., 1999).
Another aspect that is considered when studying vertical jump is the elastic
properties of tendons when a jump is being performed. In research by Kubo, Kawakami,
and Fukunaga (1999), the elastic properties in tendons were studied during vertical jump
performance with and without countermovement. Countermovement refers to a stretchshortening cycle contraction where the subject performs a downward “squatting” motion
and upward explosion during a standing vertical jump. A jump without
countermovement would have the subject sitting and exploding directly into the jump.
That eliminates the stretch-shortening cycle (Kubo et. al., 1999). Stiffness of the vastus
lateralis (leg extensor) muscle was directly measured by ultrasonography on 31 male

9

subjects. It was concluded that stiffness was not related to the absolute jump height in
either vertical jump (Kubo et. al., 1999). What was related, albeit inversely, was the
difference in height achieved when the vertical jumps with and without countermovement
were compared. The results of this research suggest that the stiffness of the tendon
structures during the vertical jump with countermovement have a positive effect on the
outcome of the jump and the stretch-shortening cycle. This suggestion is possibly due to
the storage and recoil of elastic energy within the tendon structure. This may also have to
do with the muscle spindles being “set” at a shorter length, so the spindles fire at a
different time then in a stretched muscle (Kubo et. al., 1999).
There are many other factors that can affect stretch-shortening cycle contractions
during a vertical jump. Cooling the muscle has been found to have a great impact on the
stretch-shortening cycle (Oksa, Rintamyak, Myakinen, Martikkala, and Rusko, 1996). A
study by Oksa et. al. (1999) had 12 males cool the muscles involved in jumping for 60
minutes at 27 degrees Celsius. The subjects performed the jumps before and after the
muscles had been cooled. An EMG was used to measure the neural activity of the
muscle during both trials. The results of this study showed that the muscles involved in
stretch-shortening cycle jumping activities had less EMG activity during the jump after
they were cooled (Oksa et. al., 1996). The reason for this decrease has been attributed to
alterations in motor unit recruitment within the muscle fibers (Oksa et. al., 1996). This
research concluded that cooling causes a prolonged stretch-shortening cycle contraction
and a decrease of force production within the muscles used during jumping exercises
(Oksa et. al., 1996).
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Stretch-shortening cycle contractions play a very important role in vertical jump
performance. Twelve male and twelve females volunteered to be subjects in a study to
test various stretches placed on a muscle before a stretch-shortening cycle contraction.
Peak force and the time to peak force in the quadriceps were measured on a Biodex
dynamometer during three different conditions. The first condition, which is most
relevant to this research, had the subjects perform a passive, static stretch before a
stretch-shortening cycle contraction. An isometric stretch, also referred to as a preload,
was the second condition the quadriceps were measured under. The third condition the
subjects performed was an eccentric stretch before the stretch-shortening cycle
contraction (Hegelson and Gajdosik, 1993). The first comparison that was discussed was
the difference or absolute peak force between men and women. The men achieved a
much greater peak force than the women. This result is consistent with the conception
that men have larger muscle fibers than women and are able to generate more elastic
energy. The results most concerning this research were the difference between the three
conditions and the effect on stretch shortening cycle activities. The isometric stretch and
the eccentric stretch were found to have an impact on peak force and time to peak force.
The time to peak force significantly decreased and a greater peak force was achieved in
conditions two and three (Hegelson and Gajdosik, 1993). Condition one, which involved
passive, static stretching, was found to have a slower time to peak force and did not
create a greater peak force as compared to conditions two and three (Hegelson and
Gajdosik, 1993).
Research on stretching and vertical jump is limited, but what has been done show
some very intriguing results. It has been debated whether static stretching before stretch-
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shortening cycle contractions, such as vertical jump, reduce the force production of the
muscle (Kurz, 2000). A thirty-second static stretch on the calf muscles (gastrocnemius
and soleus) has shown to reduce the force production within that muscle (Rosenbaum and
Hennig, 1995). The decrease in force production resulted in a lesser height achieved
during a vertical jump (Rosenbaum and Hennig, 1995). Other research has found the
muscles are impaired for several minutes after 30 seconds of static stretching (Kokkonen,
Nelson, and Cornwell, 1998). This research even goes as far as saying that static
stretching my also reduce the strength of the muscle for several minutes after the stretch
(Kokkonen et. al., 1998). Some research professionals have the feeling that static
stretching may put the subject at a greater risk of injury (Kokkonen et. al., 1998).
A study by Knudson et. al. (2000) did an in-depth observation of the effects of
static stretching and vertical jump performance (Knudson et. al., 2000). Recent studies
had shown that static stretching decreased the dynamic strength of the muscle. The
dynamic strength is the strength of the muscle through a specific movement, such as
stretch shortening cycle contractions. The study by Knudson et. al. (2000) involved 10
male and 10 female subjects on a volunteer basis. Each subject performed vertical jumps
with and without static stretching. The stretching regimen consisted of three, 15-second
stretches of the quadricep, hamstring, and calf muscle groups. Each subject performed
three jumps with stretching and three jumps without stretching. The jumps were
conducted from a double-leg takeoff position with the hands on the hips. A mean of the
three jumps were used for statistical purposes. There were four variables measured in
this study: peak vertical velocity, degrees of flexion in the knee during the jump, the
duration of the eccentric phase, and the duration of the concentric phase. It was
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concluded that each variable was statistically different by five percent or more with and
without static stretching (Knudson et. al., 2000). The subjects who performed the jump
without the stretching routine were found to achieve a greater peak vertical velocity.
This can be accounted for by previous research that demonstrates more force production
in the unstretched muscle (Rosenbaum and Hennig, 1995). The research also concluded
that the shorter the duration of the eccentric and concentric phases of the jump (stretchshortening cycle), the greater height was achieved (Knudson et. al., 2000). That result is
consistent with previous research conducted on coupling time, where the greater coupling
time produced a smaller force generation (Ettema et. al., 1990, Bosco and Rusko,1983,
Almedia-Silveria et. al., 1994, and Lensell-Corbeil and Goubel, 1990).
In conclusion, the effect of using static stretching before vertical jump
performance is still up for subjective interpretation. Some research favors the use of
stretching while some research does not. From the research reviewed, static stretching
would seem to hamper the force production of the muscles and the velocity at which the
muscle contracts used during a vertical jump. From that point, it would seem that
maximal vertical jump height could not be achieved after a static stretching regimen.
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Chapter 3
Methodology
Instrumentation
The only piece of equipment used for this study was the Vertec (Appendix A).
This instrument measured each subject’s vertical jump in inches. The Vertec has bars
that move horizontally when pressure is applied and certain heights are color-coded.
Every blue bar represents six inches between them. Between the blue bars, there are
alternating red and white bars, with each bar representing one-half of an inch. Each bar
represented a certain height achieved during the vertical jump. The distinct bar the
subject reaches was translated into the inches the subject accomplished for his or her
vertical jump.
Procedures
The subjects were asked to sign an informed consent (Appendix B) to participate
in this experiment. Each subject was also asked to stay somewhat “inactive” for 24 hours
prior to the test. Examples of “inactive” were not to perform strenuous activity 24 hours
prior to the test or not drinking alcohol the night before they were asked to perform the
vertical jump.
Each subject performed the vertical jump without stretching first. Each subject
had to set their individual Vertec height before the jumps were performed. Each subject
stood parallel to the Vertec and placed their right index finger on a black line that was
exactly twelve inches below the first color-coded bar, which was blue. Each subject then
extended their right arm as high as they possibly could without coming off the ground.
Once all of this was completed, the subject was ready to perform the vertical jump.
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Once the subjects were ready to complete the vertical jump routine, the time it
took them to start the first jump was approximately 30 seconds. The subject was then
asked to perform six separate jumps. They each conducted two sets of three jumps . The
first set of three jumps was conducted from a seated position on a folding chair. The
subject was asked to explode into the vertical jump from the seated position. This jump
was repeated three times. The color-coded Vertec bars were reset after each jump. The
second set of jumps was conducted from the standing position. The subject was asked to
squat down and immediately explode into the vertical jump. The results from all six
jumps were recorded in inches. Three jumps from each position were used to let the
subject get accustomed to the form that was needed to perform the vertical jump. Only
the highest number for each sitting jump and each standing jump was used for the data
analysis.
Each subject had completed the first set of jumps without stretching they were
then prepared for the set of jumps after stretching. Each subject was put through a static
stretching regimen of five muscle groups: the glutes, hamstrings, adductors, quadriceps,
and calf. Each muscle was stretched by the researcher for a period of two 30-second
intervals. The total amount of time the stretching took was 7 minutes and 30 seconds.
To control as many factors as many possible, each subject preformed the set of jumps 8
minutes and 30 seconds after the first set of jumps was complete. The specific muscle
that was stretched in the group of glutes is the gluteus maximus. Placing the subject
supine on the table and bringing his or her knees to their chest stretched this muscle. The
muscles that were stretched in the hamstring group were the semitendonosis,
semimembranosis, and biceps femoris. To stretch this group of muscles, the subject was
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supine on the table with the knee at 0 degrees of flexion and his or her leg was raised in a
vertical motion until movement was prevented. This procedure was performed on each
leg. The adductors muscles that were stretched were the adductor longus, adductor
brevis, adductor magnus, and gracillis. These muscles were stretched by having the
subject sit with his or her plantar portions of the feet touching (“Indian style”). The tester
then stretched the subject by pushing downward on the subject’s knees, as to externally
rotate the hips, and holding the position for 30 seconds. The quadriceps muscle group
consists of the rectus femoris, vastus medialis, vastus intermedius, and vastus lateralis.
The subject was placed prone on the table. The knee was flexed maximally to about 135145 degrees. The tester raised the subject’s leg grasping at the knee joint and applying
downward pressure to the sacroiliac joint to isolate the quadriceps and held the stretch for
30 seconds. The last group of muscles that was stretched were the calf muscles. The two
muscles involved with this stretch are the gastrocnemius (gastroc) and soleus. Having the
subject stand on an incline board with knees fully extended stretched the gastroc. The
incline board placed the foot in dorsiflexion, therefore, stretching the gastroc muscle.
The soleus was stretched in a different manner. The subject was placed on the table in
the prone position and the knee was flexed to approximately 90 degrees. Flexing the
knee to 90 degrees isolated the soleus muscle. The tester then applied dorsiflexion to the
subject to stretch the soleus muscle.
When each subject was finished with the stretching regimen, it was time to
perform the other part of the vertical jump test. All of the subjects were placed in one
group. Again, the time between the end of the setting of the Vertec to the execution of
the first jump was approximately 30 seconds. The test was administered in the same
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manner that the jumps without stretching were conducted. The data was collected and,
again, the highest jump for each subject’s sitting and standing performance was used for
the data analysis. All 26 athletes were asked to perform the jumps without stretching
first. Each subject was then stretched and asked to perform the set of jumps again.

Subjects
Subjects that volunteered for participation in this study included 9 male soccer
players, 2 male baseball players, 10 female soccer players, 3 female softball players, 1
female track athlete, and 1 male track athlete (mean age – 20.5 years). There were 12
male athletes (mean age – 20.8 years) that participated in this study and 14 female
athletes (mean age – 20.2 years). All athletes were in-season of their respective sport
during the testing period.
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Chapter 4
Results
The procedure that was used to analyze the set of data that was collected was a
Paired samples T-test (Appendix C), which is used to compare the means of two
variables. The data set was separated into six different pairs, with each pair comparing
two different jumps. Variable 1 was the mean of the jumps that were conducted from the
seated position without passive static stretching. Variable 2 was the mean of the jumps
that were conducted from a standing position without passive static stretching with a
counter-movement. Variable 3 was the mean of the jumps that were conducted from the
seated position after passive static stretching had been administered, while Variable 4
was the mean of the standing vertical jumps, with a counter-movement, that were
conducted after passive static stretching had been administered. The mean and standard
deviation were calculated for each variable.
The results of the data collected were found to be statistically significant in all
sets of correlations except pair 3, in which the two variables being compared were
Variable 1 and Variable 4. For any comparison to be deemed significant, the significance
value has to be less than 0.05.
Variable 1 was found to have a mean of 21.2692 and a standard deviation of
4.03294. Variable 2 was calculated as having a mean of 23.3077 and a standard
deviation of 4.44764. The mean of variable 3 was calculated at 20.3269, while the
standard deviation was determined to be 4.26132. Variable 4 was found to have a mean
of 21.8654 and a standard deviation of 4.31638.
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The first set of variables compared was variable 1 and variable 2. The level of
significance that was calculated was found to be 0.000. This result is not surprising since
variable 1 was a vertical jump from the seated position without a counter-movement,
while variable 2 was a jump from the standing position with a counter-movement. The
next comparison involved variable 1 and variable 3. This comparison was one of the key
components to this study. The level of significance that was calculated was also found to
be 0.000. This level of significance leads to rejecting the null hypothesis.
The third set of variables compared was variable 1 and variable 4. The level of
significance was calculated at 0.136. This was the only comparison of the six that was
deemed statistically non-significant. This result, though, is interesting because variable 1
does not involve a counter-movement and variable 4 does involve a counter-movement.
The fourth set of variables compared was variable 2 and variable 3. The level of
significance that was determined was 0.000.
The fifth set of variables compared was the other key component of this study.
Variable 2 and variable 4 were compared and the level of significance was calculated at
0.000. This level of significance also led to rejecting the null hypothesis. The last set of
variables to be compared was variable 3 and variable 4. The level of significance that
was calculated from these variables was determined to be 0.001.
The overall results conclude that, in this study, there was a statistical significance
between passive static stretching and vertical jump performance. There was a statistical
significant difference in all of the comparisons except one. The two comparisons that
were most relative to this study showed a great statistical significance that there is an
effect on vertical jump performance when passive static stretching is applied.
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Chapter 5
Discussion
As indicated by the previous chapter, the results of this study were shown to be
statistically significant. The results have indicated to reject both of the null hypotheses.
From the data collected and the results that were calculated, it was shown that there was a
statistical significance between passive static stretching and vertical jump performance
from both the seated and standing positions. There was statistical significant difference
in 5 out of the 6 pairs of comparisons during vertical jump performance.
There were some trends seen in a few aspects of the results. One aspect that was
consistent was the phenomenon of the stretch-shortening cycle. The jumps that were
completed from the seated position were geared to eliminate stretch-shortening cycle
activities, therefore, reducing the height achieved by the subject compared to the standing
vertical jump. The data collected was consistent with information presented by Kraemer
and Newton (1994). The seated jump eliminates the counter-movement produced by the
muscles during a standing vertical jump because there is no downward movement. The
results of this study demonstrated the activity of the stretch-shortening cycle. The mean
heights achieved were lower for the seated jumps than the mean heights achieved for the
standing, double-leg jumps in the respective categories of stretch and non-stretch. These
results coincide with Kraemer and Newton (1994) and the phenomenon of the stretchshortening cycle. There is no counter-movement being produced while jumping from the
seated position, therefore, the force production by the muscle is decreased resulting in a
lower height achieved during the vertical jump (Kramer and Newton, 1994).
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Another possibility for rejecting the null hypotheses that relates to force
production could be the sliding filament theory. Rassier et. al., (1999) states that
maximal force is produced only when maximal overlap is achieved within the muscle
fiber. Rassier et. al., (1999) also states that if cross-bridge release is lengthened in time,
force production and elastic energy can be wasted, therefore, the subject is not able to
create a maximal force production during a vertical jump performance. This could have
been a reason for rejecting the null hypotheses. The force and jump height produced by
the subjects could have been maximal because of the aforementioned reasons.
Another aspect that could have led to rejecting the null hypothesis is muscle fiber
types within each individual. It was not known what percentage of each muscle fiber
type each individual had. Almedia-Silveria et. al. (1994) presented information that
muscles fiber types during explosive movements, such as vertical jump, play a big role in
the height achieved while jumping. If some subjects were predominant with Type I
muscle fibers, they were less likely to jump higher because they could not explode as fast
as subjects with predominantly Type IIa and Type IIb muscle fibers. Type I muscle
fibers contract at a slower velocity than Type IIa or Type IIb fibers, therefore reducing
the height of the jump achieved. A possible connection to this theory is many of the
subjects may have had more Type IIa and Type IIb fibers. That theory may contradict
this study since many of the subjects that were tested were soccer players. Training for
the sport of soccer is mostly aerobic and there is not much explosive movement except
for jumping. This could have affected the results because their Type IIa and Type IIb
muscle fibers are not recruited as well because the training for soccer is more aerobic
(Almedia-Silveria et. al., 1994).
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A major aspect that could have led to rejecting the null hypothesis is two-fold:
coupling time and stiffness of the muscle fibers (Lensell-Corbeil and Goubel, 1990).
Coupling time could have played a huge role because everybody has a different speed at
which they jump. The stiffness of the muscles used during vertical jump can have a great
impact on a maximum height a subject could have achieved. This information
contradicts with research done by Lensell-Corbeil and Goubel (1990) and the stiffness of
muscles. Stiffness of the muscle has shown to decrease the coupling time of contractions.
A subject that has a great deal of flexibility is not going to have much stiffness in the
muscle, therefore, increasing the coupling time of the contraction. That theory does not
seem to apply to this situation because subjects that are more flexible, passive static
stretching may not effect them as much as subjects who are not as flexible. A subject that
has a stiff muscle structure may be affected much more than a subject who does not have
a stiff muscle structure. Therefore, subjects who are not as flexible may exhibit a larger
difference between jumping without static stretching and no stretching at all than subjects
who are fairly flexible (Lensell-Corbeil and Goubel, 1990). Flexibility was not measured
in this study.
Research that does correlate with the results of this study was done by Kubo et. al.
(1999). The research deals with the stiffness of the tendon and the counter-movement
involved with the vertical jump. The jumps that were done from the seated position
eliminated the counter-movement involved with the muscle contraction. It was found in
this research and research by Kubo et. al. (1999) that jumps without a counter-movement
produced less force, therefore, not reaching a maximum jumping height. The jumps with
a counter-movement produced a mean greater jump height than the jumps that did not
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involve a counter-movement. The suggestive reasoning for this could be the storage and
recoil of elastic energy that is produced when a vertical jump is conducted with a
counter-movement (Kubo et. al., 1999).
Fatigue may or may not have played a major role in the results of this study.
Subjects were asked to stay relatively inactive for a period of 24 hours before they were
asked to perform the vertical jump. This was extremely hard to control because these are
NCAA Division I athletes and many of them were in-season during the testing period.
This reasoning would disagree with research by Komi (2000). It was found that fatigued
muscle had less force production than muscles that were not fatigued (Komi, 2000).
With many of the athletes being in practice, there is a possibility that many of the
muscles were fatigued in some of the subjects and not fatigued in other subjects and it
may be possible force production was not at its greatest in some athletes at the time the
subject was tested for vertical jump performance. This fatigue of the muscle could have
dramatically decreased the force output of the muscle in stretch-shortening cycle
activities. Furthermore, the fatigue of the muscle could have lengthened the coupling
time of the contraction decreasing force output by an even larger margin (Komi, 2000).
Subjects were asked to stay inactive for 24 hours prior to the testing time, but in reality,
that is extremely difficult to control with NCAA Division I athletes.
There is another aspect involving fatigue that may have played a role in rejecting
the null hypotheses. The time of day that the subject was tested may contribute to the
statistical significance. This factor was controlled as much as possible. While many
subjects were tested around the same time of the day, the time of day varied the subject
was tested varied around the subjects availability. Some subjects were tested in the
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morning, while other subjects were tested in the afternoon and early evening. Since these
are Division IA athletes, many of the subjects that were tested in the afternoon and early
evening generally had some type of activity planned during the day. This could have led
to some fatigue of the muscles, therefore, the subject was not able to achieve a maximal
jump height. It also might have mattered even if the subject did not have any activity
during the day. The athletes that were tested in the morning did not have any activity
before the jumps were completed. The subjects that were tested in the afternoon and
early evening, even if they didn’t have any activity planned, had still been active
throughout the day and could have led to some possible fatigue, even if it was only minor
activity. This was extremely hard to control being these are Division 1A athletes.
Bosco et. al. (1982) presents information that says stretching has no bearing on
the height achieved during a vertical jump performance. This theory contradicts the
results of this study. Bosco et. al. (1982) states that “ stretching has no bearing on the
outcome of the vertical jump, but proper form has the most bearing on the outcome of
vertical jump performance.” This may be the case with this study because many of the
athletes are not familiar with the proper execution of a vertical jump. Some of the
athletes have a tendency to try and jump up to the highest bar on the Vertec and really do
not concentrate on proper form. Controlling this was difficult because the subject was
shown the proper form to execute the jump, but when it was time to test the jump, the
athlete usually refers back to the habitual form they are used to. This also correlates with
this research because the athlete may have concentrated on using proper form during one
set of jumps, but no during the other set of jumps. This could have skewed the results.
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One problem with Bosoc et. al.’s statement is it is over 20 years old and may not be valid
in this day.
A possible intriguing factor that could have led to the statistical significance of
this research could have been during the stretching phase of the experiment. Some
athletes tend to guard against passive stretching and do not relax throughout the
stretching process. This was attempted to be controlled by having two 30-second
intervals of stretching instead of one 30-second interval of stretching. If this were the
case with some of the athletes, the stretching would not benefit them as much as other
athletes who are more receptive to passive stretching. This could have led to a greater
height achieved during the set of jumps that involved stretching. This may also not have
had an impact at all on the results of this research.
The temperature of the muscle at the time the vertical was performed could have
played a role in rejecting the null hypotheses. This coincides with information presented
by Oksa et. al., (1999). Depending on the time of day the subject was asked to jump and
what kinds of activities they had done before they arrived to perform the vertical jump
test, the muscles used for vertical jump performance could have been at different
temperatures. Oksa et. al., (1999) presented information that showed neural activity
within a cooler muscle fiber was diminished, therefore, the subject was not able to
achieve maximal motor unit recruitment and, therefore, not able to produce maximal
force. Whether this played role at all is hard to say. The probability of this making a
difference in the results is minimal, but could have played a minor role.
The data that was collected for this research correlates with information that was
presented by Knudson et. al., (2000). Research by Knudson et. al., (2000) did show a
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significant difference in jumps that were completed with and without static stretching.
One difference between Knudson et. al.’s research and this research is the stretching
regimen was not a vigorous or lengthy as it was in this research. The study by Knudson
et. al., (2000) had more variables that were measured than the research that was
conducted here. It is possible that the variables measured in Knudson et. al.’s study could
have been similar to the results of this research. The other variables that were measured
in the study were peak vertical velocity, degrees of flexion in the knee during the jump,
the duration of the concentric and eccentric phase (coupling time) during the jump
(Knudson et. al., 2000). It is not known whether these variables would have correlated
between the two sets of research. The research by Knudson et. al. (2000) also only had a
set of standing vertical jumps. Of the variables that were measured in this study, the
results do correlate with the research done by Knudson et. al., (2000).
In conclusion, the results of this study showed there to be a statistical significant
difference between stretching before vertical jump performance and not stretching before
vertical jumps performance. These results led to rejecting both the null hypotheses.
However, there were many limitations to this research that were difficult to control
during the testing period. The biggest limitation to this study would probably have to be
the fact the most of the athletes were in-season during the testing period. As stated
previously, this probably caused fatigue in the muscles of many of the athletes, therefore,
not resulting in maximal effort during some of the vertical jump performance tests. If the
athletes could have been placed in a more controlled environment, the results of this
research may have been different. Placing the athletes in a more controlled environment
would allow the researcher to examine every physical exertion the athlete does. Being
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that this research was done during season and while school was in session, it was
impossible to control the physical exertion of all 26 athletes.
Suggestions for further research on this topic would include trying to control what
the athlete does prior to performing a vertical jump test. This would probably be easiest
during the summer months because most athletes are not in season during those months.
Another suggestion would be to measure more than just the height of the jump that the
athlete achieves. There are many more measures that can be made throughout a vertical
jump performance. Measuring more variables might give more statistical significance to
the data that is collected. While the results of this study were deemed statistically
siignificant, further research needs to be done on the effects of static stretching on
vertical jump performance.
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T-Test
Paired Samples Statistics

Legend

Std. Error

Pair
1
Pair
2
Pair
3
Pair
4
Pair
5
Pair
6

VAROOO01
VAROOO02
V AROOO01
VAROOO03
VAROOO01
V AROOO04
VAROOOO2
V AROOO03
V AROOO02
V AROOO04
VAROOOO3
VAROOO04

Mean
21.2692
23.3077
21.2692
20.3269

N

26
26
26
26
26
26
26
26
26
26
26
26

21.2692
21.8654
23.3077
20.3269
23.3077
21.8654
20.3269
21.8654

Std. Deviation
4.03294
4.44764
4.03294
4.26132

Mean
.79092
.87225
.79092
.83571

4.03294
4.31638
4.44764
4.26132
4.44764
4.31638
4.26132
4.31638

.79092
.84651
.87225
.83571
.87225
.84651
.83571
.84651

Paired Samples Correlations

Pair
1
Pair
2
Pair
3
Pair
4
Pair
5
Pair
6

VAROOO01 &
V AROOO02
VAROOO01 &
V AROOO03
VAROOO01 &
V AROOO04
VAROOO02 &
V AROOO03
VAROOO02 &
VAROOO04
V AROOO03 &
V AROOO04

N
26

Correlation
.895

Sig.
.000

26

.968

.000

26

.890

.000

26

.910

.000

26

.969

.000\

26

.895

.000
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Variable 1
Variable 2
Variable 3
Variable 4

Sitting jump with no stretch
Standing jump with no stretch
Sitting jump after stretch
Standing jump after stretch

Paired Samples Test
Paired Differences

Std. Deviation

Std. Error
Mean

-2.0385

1.98456

.38920

-2.8400

-1.2369

-5.238

.9423

1.07077

.20999

.5098

1.3748

4.487

-.5962

1.97494

.38732

-1.3938

.2015

-1.539

2.9808

1.85731

.36425

2.2306

3.7310

L 183

1.4423

1.10749

.21720

.9950

1.8896

6.641

-1.5385

1.96430

.38523

-2.3319

-.7451

-3.994

Mean
Pair
1
Pair
2
Pair
3
Pair
4
Pair
5
Pair
6

VAROOO01 VAROOO02
V AROOO01 VAROOO03
VAROOO01 VAROOO04
VAROOO02 V AROOOO3
VAROOO02 VAROOO04
VAROOO03 VAROOO04

Paired Samples Test

df

Pair
1
Pair
2
Pair
3
Pair
4
Pair
5
Pair
6

V AROOO01 V AROOO02
V AROOO01 V AROOO03
V AROOO01 V AROOO04
VAROOO02 V AROOO03
V AROOO02 V AROOO04
V AROOO03 V AROOO04

95% Confidence
Interval of the
Difference
Lower
Upper

Sic. (2-tailed)

25

.000

25

.000

25

.136

25

.000

25

.000

25

.001
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